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(57) ABSTRACT

An optical mouse apparatus includes a light source unit, a
sensing unit, and a processing unit. The light source unit is
arranged for generating and emitting an optical signal,
wherein the optical signal is emitted upon a surface, and then
reflected to form an optical reflected signal. The sensing unit
is arranged for generating a sensed image output according to
the optical reflected signal, wherein the sensed image output
is utilized for estimating an image displacement of the optical
mouse apparatus. The processing unit is coupled to the light
source unit and the sensing unit, and arranged for controlling
the light source unit to emit the optical signal and determining
a operation status of the optical mouse apparatus according to
an image variation of at least a partial region of each of
consecutive images of the sensed image output.

20 Claims, 4 Drawing Sheets
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1
OPTICAL MOUSE APPARATUS BASED ON
IMAGE VARIATION AND RELATED
METHOD THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

The disclosed embodiments of the present invention relate
to an optical mouse mechanism, and more particularly, to an
optical mouse apparatus and a method utilized for an optical
mouse apparatus.

2. Description of the Prior Art

Generally speaking, the existing optical mouse has a pho-
tosensitive element which is used for obtaining multiple
sensed images, and obtains the information of the displace-
ment detection according to correlations between the mul-
tiple sensed images. However, the existing optical mouse
does not have a mechanism for detecting if it is lifted up or
not. Although the existing optical mouse could detect the poor
image quality of the sensed image through the sensing unit
while being lifted up, the deterioration of the image quality of
the sensed image happens not merely because the optical
mouse is lifted up. The image quality of'the sensed image also
becomes poorer when the optical mouse is operated on a
slightly rough surface. Therefore, the existing optical mouse
is not able to correctly determine or detect whether it is lifted
up or just operated on a slightly rough surface. Besides, if the
optical mouse can not determine the exact time at which it is
lifted up, the jitter of the mouse cursor on the screen will be
exacerbated.

SUMMARY OF THE INVENTION

Therefore, one of the objectives of the present invention is
to provide an optical mouse apparatus and a method utilized
for an optical mouse apparatus, for correctly determining/
detecting whether the optical mouse apparatus is lifted up or
is merely operated on a slightly rough surface, thereby miti-
gating or eliminating jitter of the mouse cursor on the display
and accordingly solving the problem of the prior art.

According to a first embodiment of the present invention,
an optical mouse apparatus is disclosed. The optical mouse
apparatus includes a light source unit, a sensing unit, and a
processing unit. The light source unit is arranged for gener-
ating and emitting an optical signal, wherein the optical signal
is emitted upon a surface, and then reflected to form an optical
reflected signal. The sensing unit is arranged for generating a
sensed image output according to the optical reflected signal,
wherein the sensed image output is utilized for estimating an
image displacement of the optical mouse apparatus. The pro-
cessing unit is coupled to the light source unit and the sensing
unit, arranged for controlling the light source unit to emit the
optical signal and determining a operation status of the opti-
cal mouse apparatus according to an image variation of at
least a partial region of each of consecutive images of the
sensed image output.

According to a second embodiment of the present inven-
tion, a method utilized for an optical mouse apparatus is
disclosed. The method includes: emitting an optical signal,
wherein the optical signal is emitted upon a surface, and then
reflected to form an optical reflected signal; generating a
sensed image output according to the optical reflected signal,
wherein the sensed image output is utilized for generating an
estimated image displacement; and determining a operation
status of the optical mouse apparatus according to an image
variation of at least a partial region of each of consecutive
images of the sensed image output.
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These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred
embodiment that is illustrated in the various figures and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating an optical mouse
apparatus according to a preferred embodiment of the present
invention.

FIG. 2A is a diagram illustrating the brightness trend while
the optical mouse apparatus shown in FIG. 1 is being lifted up
from a surface.

FIG. 2B is a diagram illustrating the brightness trend while
the optical mouse apparatus shown in FIG. 1 is placed on a
surface.

FIG. 3A is a diagram illustrating the brightness trend while
the optical mouse apparatus shown in FIG. 1 is being placed
on a surface from the air.

FIG. 3B is a diagram illustrating the brightness trend while
the optical mouse apparatus shown in FIG. 1 is lifted up
completely.

FIG. 4 is a diagram illustrating an example that the optical
mouse apparatus shown in FIG. 1 uses the image variation
characteristic of the image brightness of two partial regions of
the sensed images to determine the current usage status.

DETAILED DESCRIPTION

Certain terms are used throughout the description and fol-
lowing claims to refer to particular components. As one
skilled in the art will appreciate, manufacturers may refer to a
component by different names. This document does not
intend to distinguish between components that differ in name
but not function. In the following description and in the
claims, the terms “include” and “comprise” are used in an
open-ended fashion, and thus should be interpreted to mean
“include, but not limited to . . . ”. Also, the term “couple” is
intended to mean either an indirect or direct electrical con-
nection. Accordingly, if one device is coupled to another
device, that connection may be through a direct electrical
connection, or through an indirect electrical connection via
other devices and connections.

Please refer to FIG. 1, which is a block diagram illustrating
an optical mouse apparatus 100 according to a preferred
embodiment of the present invention. The optical mouse
apparatus 100 includes a housing 101, a light source unit 105,
a sensing unit 110, and a processing unit 115, wherein the
light source unit 105 is arranged for generating and emitting
an optical signal S_opt, which is emitted upon a surface and
then reflected to form an optical reflected signal S_ref. The
sensing unit 110 is arranged for generating a sensed image
output according to the optical reflected signal S_ref, wherein
the sensed image output is utilized for estimating an image
displacement of the optical mouse apparatus 100. For
instance, the optical mouse apparatus 100 is able to calculate
the image displacement of the shadow of the cursor based on
the position of the shadow of the cursor in a plurality of sensed
images of the sensed image output, thereby estimating the
cursor displacement. In addition, a plurality of sensed images
of the sensed image output could also be provided to the
processing unit 115 to act as reference used to determine the
current operation status of the optical mouse apparatus 100.
In this embodiment, the current operation status indicates
whether the user has lifted up the optical mouse apparatus
100. To put it another way, the current operation status indi-



US 9,274,614 B2

3

cates that the optical mouse apparatus 100 is lifted up (i.e., the
housing 101 leaves the surface), or the optical mouse appa-
ratus 100 is still placed on the surface (i.e., the housing 101
does not leave the surface). The processing unit 115 is
coupled to the light source unit 105 and the sensing unit 110,
and is arranged for controlling the light source unit 105 to
emit the optical signal S_opt upon the surface, and determin-
ing a operation status of the optical mouse apparatus 100
according to an image variation of at least the same partial
region of each of consecutive images of the sensed image
output; moreover, the processing 115 selectively determines
whether to output the image displacement of the cursor or
inhibit/lock the image displacement according to the current
usage status. The image brightness may be expressed by a
distribution of gray levels 0-255. Please note that the above-
mentioned image displacement of the cursor could be calcu-
lated or estimated by using other circuit (s) or the processing
unit 115.

In the embodiment of the present invention, the processing
unit 115 utilizes the characteristic of the image variation of
the image brightness of the sensed images to determine
whether the optical mouse apparatus 100 is lifted up or not.
Compared with the conventional techniques, the disclosed
embodiment has high determination accuracy. When the opti-
cal mouse apparatus 100 is lifted up from the surface, deter-
mination is made based on the characteristic of the image
variation of the image brightness of the sensed images. In this
way, the condition where the optical mouse apparatus 100 is
operated on a rough surface is precluded, thus avoiding mis-
judgment. Equivalent, due to the fact that the current opera-
tion status of the optical mouse apparatus 100 can be deter-
mined correctly, it is possible to inhibit/lock the image
displacement of the cursor only when the optical mouse appa-
ratus 100 is actually lifted up, while in other cases the image
displacement of the cursor is still allowed to be outputted
normally. This is capable of reducing/mitigating the jitter of
the image displacement of the cursor on the screen.

Inthe first embodiment, the processing unit 115 determines
the current operation status of the optical mouse apparatus
100 in accordance with the brightness trend characteristic
indicated by the image variation characteristic. Pleasereferto
FIG. 2A in conjunction with FIG. 2B. FIG. 2A is a diagram
illustrating an exemplary brightness trend while the optical
mouse apparatus 100 shown in FIG. 1 is being lifted up from
a surface. FIG. 2B is a diagram illustrating an exemplary
brightness trend while the optical mouse apparatus 100
shown in FIG. 1is placed on a surface. As can be seen in FIG.
2A, four sensed images, from left to right, correspond to
different usage statuses of the optical mouse apparatus 100,
that is, a status of the optical mouse apparatus 100 being
placed on a surface, a status of the optical mouse apparatus
100 beginning to be lifted up, a status of the optical mouse
apparatus 100 being lifted up halfway completely, and a sta-
tus of the optical mouse apparatus 100 being lifted up com-
pletely. In FIG. 2A and FIG. 2B, the degree of brightness of
the sensed image is indicated by the density of dots, wherein
the image with the sparsest dot distribution represents the
brightest one, while the image with the densest dot distribu-
tion represents the darkest one. When the optical mouse appa-
ratus 100 is placed on a surface, the sensing unit 110 generates
the brightest sensed image; on the contrary, when the optical
mouse apparatus 100 is lifted up completely, the sensing unit
110 generates the darkest sensed image. In the example
shown in FIG. 2A, the processing unit 115 receives these
sensed images, from left to right, sequentially, and obtains or
generates the image variation characteristic by analyzing the
brightness ofthe received sensed images. In this embodiment,
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the processing unit 115 generates the image variation char-
acteristic through analyzing the image brightness (e.g., the
average brightness value) of a partial region (i.e. the region
201 shown in FI1G. 2A). Further, the processingunit 115 could
generate the image variation characteristic by analyzing the
average brightness of the whole sensed image. When the
processing unit 115 receives the sensed images, from left to
right, sequentially, the average image brightness of the region
201 will be calculated immediately; therefore, after receiving
a plurality of sensed images, the processing unit 115 will be
able to derive the current image variation characteristic. If the
image variation characteristic indicates that the image bright-
ness of the same partial region decreases over time (as can be
seen in FIG. 2A), the processing unit 115 will determine that
the operation status of the optical mouse apparatus 100
changes from being placed on the surface to being lifted up
from the surface, and the processing unit 115 will inhibit/lock
the output of the image displacement of the cursor for reduc-
ing the jitter of cursor. Hence, for the image displayed on a
screen, the cursor jitter on the screen will be eliminated by
inhibiting the output of the estimated image displacement
when the optical mouse apparatus 100 is lifted up into the air.

Inaddition, as canbe seen in FIG. 2B, if the analyzed image
variation characteristic indicates that the image brightness
does not decrease over time but merely a small number of
sensed images with darker brightness occasionally emerge, it
will be determined the optical mouse apparatus 100 is not
lifted up but probably used on a rough surface. Since the
processing unit 115 determines that the current operation
status of the optical mouse apparatus 100 according to the
analyzed image variation characteristic, the case where the
optical mouse apparatus 100 is operated on a rough surface
can be precluded. Thus, according to the embodiment of the
present invention, determining the operation status of the
optical mouse apparatus 100 according to the image variation
characteristic can effectively and accurately tell whether the
optical mouse apparatus 100 is placed on a surface or lifted up
into the air, which helps to decide whether to inhibit the
output of the image displacement of the cursor for reducing
the cursor jitter.

Please refer to FIG. 3A in conjunction with FIG. 3B. FIG.
3A is a diagram illustrating the brightness trend while the
optical mouse apparatus 100 shown in FIG. 1 is completely
lifted up and then placed onto a surface. F1G. 3B is a diagram
illustrating the brightness trend while the optical mouse appa-
ratus 100 shown in FIG. 1 is lifted up completely. As can be
seen in FIG. 3A, the four sensed images, from left to right,
correspond to different usage statuses of the optical mouse
apparatus 100, that is, a status of the optical mouse apparatus
100 that is lifted up completely, a status of the optical mouse
apparatus 100 beginning to be laid down on the surface, a
status of the optical mouse apparatus 100 being laid down
halfway, and a status of the optical mouse apparatus 100 that
is placed on a surface completely. In FIG. 3A and FIG. 3B, the
degree of brightness of the sensed image is indicated by the
density of dots, wherein the image with the sparsest dot
distribution represents the brightest one, while the image with
the densest dot distribution represents the darkest one. When
the optical mouse apparatus 100 is lifted up completely, the
sensing unit 110 generates the darkest sensed image; on the
contrary, when the optical mouse apparatus 100 is placed on
a surface completely, the sensing unit 110 generates the
brightest sensed image. In the example shown in FIG. 3A, the
processing unit 115 receives these sensed images, from left to
right, sequentially, and obtains or generates the image varia-
tion characteristic by analyzing the brightness of the received
sensed images. In this embodiment, the processing unit 115
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generates the image variation characteristic through analyz-
ing the image brightness (e.g., the average brightness value)
of a partial region (i.e. the region 301 shown in FIG. 3A).
Further, the processing unit 115 could generate the image
variation characteristic by analyzing the average brightness
of the whole sensed image. When the processing unit 115
receives the sensed images, from left to right, sequentially, the
average image brightness of the region 301 will be calculated
immediately; therefore, after receiving a plurality of sensed
images, the processing unit 115 will be able to derive the
current image variation characteristic. If the image variation
characteristic indicates that the image brightness of the same
partial region increases over time (as can be seen in FIG. 3A),
the processing unit 115 will determine that the operation
status of the optical mouse apparatus 100 changes from being
lifted up from the surface to being placed on the surface, and
the processing unit 115 will output the image displacement of
the cursor (in other words, the processing unit 115 switches
from inhibiting the output to allowing the output). Hence, as
to the image on a screen, when the optical mouse apparatus
100 is being laid down on a surface from the air, the cursor on
the screen will be updated continuously because the output of
the estimated image displacement is not inhibited.

Inaddition, as can be seen in F1G. 3B, ifthe analyzed image
variation characteristic indicates the image brightness does
not increase over time but merely a small number of sensed
images with brighter brightness occasionally emerge, it will
be determined that the optical mouse apparatus 100 is not
placed on a surface but probably affected by the surrounding
environment. Since the processing unit 115 determines that
the current operation status of the optical mouse apparatus
100 according to the analyzed image variation characteristic,
the case where the optical mouse apparatus 100 is affected by
the surrounding environment can be precluded. Thus, accord-
ing to the embodiment of the present invention, determining
the operation status of the optical mouse apparatus 100
according to the image variation characteristic can effectively
and accurately tell whether the optical mouse apparatus 100 is
placed on a surface or lifted up into the air, which helps to
decide whether to inhibit the output of the image displace-
ment of the cursor and when to stop inhibiting the output of
the image displacement of the cursor. In this way, jitter of the
cursor on the screen is reduced/mitigated.

Moreover, in addition to the aforementioned method which
determines the operation status of the optical mouse appara-
tus 100 according to the increasing or decreasing of the
brightness indicated by the image variation characteristic, the
processing unit 115 in other embodiments may employ
another method which determines the operation status by
referring to the actual image brightness of the sensed image
and the above-mentioned image variation characteristic.
Please refer to FIG. 2A again. In addition to analyzing the
image variation characteristic, the processing unit 115 also
determines if the actual image brightness of the sensed
images falls in the appropriate brightness range sequentially.
For instance, the processing unit 115 is configured to have
two predetermined brightness thresholds, a high brightness
threshold and a low brightness threshold. If the actual image
brightness of the sensed image is higher than the high bright-
ness threshold, it will be determined that the optical mouse
apparatus 100 is placed on a surface; however, if the actual
image brightness of the sensed image is lower than the low
brightness threshold, it will be determined that the optical
mouse apparatus 100 has been lifted up into the air. Therefore,
the processing unit 115 verifies the analyzed image variation
characteristic through examining whether the actual image
brightness of the sensed images is higher than the high bright-
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ness threshold, between the two thresholds, and lower than
the low brightness threshold, sequentially. If aforementioned
two conditions are both met, then the processing unit 115 will
determine that the optical mouse apparatus 100 is being lifted
up. On the contrary, if none of these sensed images has the
actual image brightness lower tan the low brightness thresh-
old or between the two thresholds, then the processing unit
115 will determine that the optical mouse apparatus 100 may
be operated on a rough surface, and thus does not determine
that the optical mouse apparatus 100 is being lifted up. There-
fore, the case where the optical mouse apparatus 100 may be
operated on a rough surface can be precluded to thereby
accurately determine the operation status of the optical mouse
apparatus 100.

Moreover, the processing unit 115 can determine whether
the optical mouse apparatus 100 is being placed on a surface
by referring to the use of the actual image brightness of the
sensed image and the above-mentioned image variation char-
acteristic. Please refer to FIG. 3A again. In addition to ana-
lyzing the image variation characteristic, the processing unit
115 also determines if the actual image brightness of the
sensed images falls in the appropriated brightness range
sequentially. For instance, the processing unit 115 verifies the
analyzed image variation characteristic through examining
whether the actual image brightness of the sensed images is
lower than the low brightness threshold, between the two
thresholds, and higher than the high brightness threshold,
sequentially. If the aforementioned two conditions are both
met, then the processing unit 115 will determine that the
optical mouse apparatus 100 is being placed on a surface. On
the contrary, if none of these sensed images has the actual
image brightness higher than the high brightness threshold or
between the two thresholds, then the processing unit 115 will
determine that the optical mouse apparatus 100 may still be
lifted up into the air, and thus does not determine that the
optical mouse apparatus 100 is being placed on a surface.
Therefore, it can accurately determine the operation status of
the optical mouse apparatus 100.

Furthermore, in the second embodiment, the image varia-
tion characteristic analyzed and generated by the processing
unit 115 includes the trend of a moving average of the actual
image brightness. For instance, the processing unit 115 cal-
culates the moving average of the actual image brightness of
the sensed images and determines the current operation status
of the optical mouse apparatus 100 according to the image
brightness trend characteristic corresponding to the moving
average. For example, the processing unit 115 calculates the
moving average of the actual brightness of the latest three
sensed images while performing the image variation charac-
teristic analysis, and compares the brightness moving average
with a brightness threshold. If the comparison result indicates
that the brightness moving average is lower than the bright-
ness threshold, the processing unit 115 will determine that the
user is lifting up the optical mouse apparatus 100, and inhibit
or lock the output displacement of the mouse courser to
reducejitter of the cursor on the screen. On the contrary, if the
comparison result indicates that the brightness moving aver-
age is higher than the brightness threshold, the processing
unit 115 will determine that the user is placing the optical
mouse apparatus 100 on a surface, and stop inhibiting or
locking the output displacement of the mouse courser (i.e.,
the processing unit 115 outputs the mouse cursor displace-
ment instead). By using the moving average of the brightness,
the processing unit 115 could also preclude the misjudgment.
For instance, if the moving average of the actual brightness of
the latest three sensed images is higher than the brightness
threshold, this indicates that the optical mouse apparatus 100
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is currently placed on a surface. If the brightness of a certain
sensed image is darker than others due to the rough surface, it
will not excessively influence the calculation result of the
moving average of the actual brightness since the calculated
brightness is based on the moving average concept. That is,
the image variation characteristic represented by the moving
average will not be affected. Therefore, the moving average of
the brightness calculated by the processing unit 115 will still
be higher than the brightness threshold, and the processing
unit 115 will not erroneously determine that the user is lifting
up the optical mouse apparatus 100 at this time. Therefore,
using the mechanism of calculating the moving average of the
brightness helps to preclude the misjudgment and avoid the
wrong displacement lock of the mouse cursor.

Furthermore, in the third embodiment, the brightness mov-
ing averages calculated based on different lengths could also
be utilized for determining the current operation status of the
optical mouse apparatus 100. For instance, the image varia-
tion characteristic analyzed and generated by the processing
unit 115 includes the trend of two moving averages of the
actual image brightness, where the moving averages are cal-
culated based on two different lengths. For example, the
processing unit 115 calculates a short-term moving average
and a long-term moving average of the actual brightness of
the sensed images while performing the image variation char-
acteristic analysis, and determines the current operation sta-
tus according to the image brightness trend characteristic
represented by the long-term and short-term moving aver-
ages. For example, the processing unit 115 could calculate the
moving average of the actual brightness of the latest five
sensed images as the short-term moving average, calculate
the moving average of the actual brightness of the latest ten
sensed images as the short-term moving average, and com-
pare the short-term moving average and the long-term mov-
ing average. If the comparison result indicates the short-term
moving average is lower than the long-term moving average,
the processing unit 115 will determine that the user is lifting
up the optical mouse apparatus 100, and inhibit or lock the
output displacement of the mouse courser to thereby reduce
jitter of the cursor on the screen. On the contrary, if the
comparison result indicates that the short-term moving aver-
age is larger than the long-term moving average, the process-
ing unit 115 will determine that the user is placing the optical
mouse apparatus 100 on a surface, and stop inhibiting or
locking the output displacement of the mouse courser (i.e.,
the processing unit 115 outputs the mouse cursor displace-
ment instead). By using the moving averages calculated
based on different lengths, the processing unit 115 could also
preclude the misjudgment. For instance, if the short-term
moving average is larger than the long-term moving average,
it will be determined that the optical mouse apparatus 100 is
currently placed on a surface. If the brightness of a certain
sensed image is darker than others due to the rough surface, it
will not excessively influence the calculation results of the
short-term and long-term moving averages of the actual
brightness since the calculated brightness is based on the
moving average concept. That is, the image variation charac-
teristic represented by the short-term and long-term moving
averages will not be affected. Therefore, the short-term mov-
ing average calculated by the processing unit 115 will still be
higher than the long-term moving average, and the processing
unit 115 will not erroneously determine that the user is lifting
up the optical mouse apparatus 100 at this time. Therefore,
using the mechanism of calculating the moving averages
based on different lengths helps to preclude misjudgment and
avoid the wrong displacement lock of the mouse cursor.
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Furthermore, in the fourth embodiment, the processing
unit 115 could determine the current operation status of the
optical mouse apparatus 100 according to the image variation
characteristic of the image brightness of a plurality of partial
regions of each of consecutive sensed images, and refer to the
determined current operation status of the optical mouse
apparatus 100 to determine whether to output or lock the
mouse cursor displacement. Please refer to FIG. 4, which is a
diagram illustrating an example that the optical mouse appa-
ratus 100 shown in FIG. 1 uses the image variation charac-
teristic of the image brightness of two partial regions of
sensed images to determine the current usage status. As can
be seen in FIG. 4, the first partial region is marked as 401, and
the second partial region is marked as 402, determining the
current operation status of the optical mouse apparatus 100 by
using the image variation characteristic of the image bright-
ness of the regions 401 and 402 respectively can help the
processing unit 115 to preclude the misjudgment and avoid
the wrong displacement lock of the mouse cursor. Please note
that the plurality of partial regions is not limited to two
regions. Using the image brightness trend characteristic of
three or more partial regions to determine the current opera-
tion status of the optical mouse apparatus 100 also obeys the
technical spirit of the present invention. In addition, for
strengthening the effect of suppressing the mouse cursor jit-
ter, if the image brightness trend of any one of the above-
mentioned partial regions indicates that the brightness is
decreasing, the average value of the brightness is lower than
the brightness threshold, or the short-term moving average is
lower than the long-term moving average, the processing unit
115 will immediately determine that the optical mouse appa-
ratus 100 is being lifted up into the air and immediately
inhibit/lock the output of the mouse cursor.

Moreover, it should be noted that the image variation char-
acteristic analyzed by the above-mentioned processing unit
115 is generated by using the image brightness of at least two
consecutive sensed images; however, for improving the accu-
racy of the analyzed image variation, it could be altered to use
the image brightness of at least three consecutive sensed
images or even at least ten consecutive sensed images. In
other words, the spirit of the present invention is to use the
image brightness trend characteristic of consecutive sensed
images for determining the current operation status of the
optical mouse apparatus, and determine whether to inhibit/
lock the output of the mouse cursor according to the deter-
mined current operation status of the optical mouse appara-
tus. Therefore, no matter how many consecutive sensed
images are used, these exemplary designs all belong to the
scope of the present invention.

Furthermore, in the fifth embodiment, an image variation
characteristic of the image brightness of consecutive sensed
images can also indicate the trend of the corresponding expo-
sure value. Therefore, the processing unit 115 can determine
whether the current operation status of the optical mouse
apparatus 100 is being lifted up according to an image expo-
sure trend of the image brightness of consecutive sensed
images. In detail, if the optical mouse apparatus 100 further
has an aperture (not shown in FIG. 1) which corresponds to
the image brightness of the sensed image and is utilized to
increase the exposure value while the brightness ofthe sensed
image is not high enough, thereby increasing the accuracy of
the displacement estimation. In practice, if the optical mouse
apparatus 100 is being lifted up into the air, then the image
brightness trend characteristic of the consecutive sensed
images will indicate a decreasing trend, and the aperture will
continuously increase the exposure value according to the
optical mouse apparatus 100, correspondingly. Hence, if the
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image exposure trend of the image brightness of the consecu-
tive sensed image increases and reaches the maximum expo-
sure value, it implies that the optical mouse apparatus 100 is
being lifting up into the air. Therefore, the processing unit 115
will determine the current operation status of the optical
mouse apparatus 100 by further referring to the image expo-
sure trend of the consecutive sensed images.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended claims.

What is claimed is:

1. An optical mouse apparatus, comprising:

alight source unit, arranged for generating and emitting an
optical signal, wherein the optical signal is emitted upon
a surface and then reflected to form an optical reflected
signal;

a sensing unit, arranged for generating a sensed image
output according to the optical reflected signal, wherein
the sensed image output is utilized for estimating an
image displacement of the optical mouse apparatus; and

a processing unit, coupled to the light source unit and the
sensing unit, the processing unit arranged for controlling
the light source unit to emit the optical signal and deter-
mining an operation status of the optical mouse appara-
tus according to an image variation of at least a partial
region of each of a plurality of consecutive images of the
sensed image output;

wherein the processing circuit configures a first predeter-
mined brightness threshold and a second predetermined
brightness threshold that is lower than the first predeter-
mined brightness threshold; the processing circuit deter-
mines that the optical mouse apparatus is being placed
on the surface when detecting that an actual image
brightness of the sensed image sequentially becomes
lower than the second predetermined brightness thresh-
old, between the first and second predetermined bright-
ness thresholds, and higher than the first predetermined
brightness threshold; and, the processing circuit deter-
mines that the optical mouse apparatus is being lifted in
to air when detecting that the actual image brightness of
the sensed image sequentially becomes higher than the
first predetermined brightness threshold, between the
first and second predetermined brightness thresholds,
and lower than the second predetermined brightness
threshold and further detecting that an image exposure
trend of the actual image brightness increases.

2. The optical mouse apparatus of claim 1, wherein the
processing unit determines whether the optical mouse appa-
ratus is lifted up from the surface or is placed on the surface
according to the image variation.

3. The optical mouse apparatus of claim 1, wherein the
processing unit refers to the image variation to determine
whether to output the estimated image displacement.

4. The optical mouse apparatus of claim 1, wherein the
processing unit generates the image variation by analyzing
image brightness of at least a same partial region of each of at
least three consecutive images of the sensed image output.

5. The optical mouse apparatus of claim 4, wherein when
the image variation indicates that the image brightness of the
same partial region decreases over time, the processing unit
determines that the operation status of the optical mouse
apparatus changes from being placed on the surface to being
lifted up from the surface, and inhibits an output of the esti-
mated image displacement.
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6. The optical mouse apparatus of claim 4, wherein when
the image variation indicates that the image brightness of the
same partial region increases over time, the processing unit
determines that the operation status of the optical mouse
apparatus changes from being lifted up from the surface to
being placed on the surface, and outputs the estimated image
displacement.

7. The optical mouse apparatus of claim 4, wherein the
image processing unit determines the image variation
through calculating a moving average of the image brightness
of'the same partial range, compares the moving average with
a brightness threshold to determine the operation status of the
optical mouse apparatus, and determines whether to output
the estimated image displacement according to the operation
status of the optical mouse apparatus.

8. The optical mouse apparatus of claim 4, wherein the
image processing unit determines the image variation
through calculating a short-term moving average and a long-
term moving average of the image brightness of the same
partial range, compares the short-term moving average with
the long-term moving average to determine the operation
status ofthe optical mouse apparatus, and determines whether
to output the estimated image displacement according to the
operation status of the optical mouse apparatus.

9. The optical mouse apparatus of claim 4, wherein the
image processing unit generates a first image variation and a
second image variation by respectively analyzing the image
brightness of a first region and a second region of each of at
least three consecutive images of the sensed image output;
when either of the first image variation and the second image
variation indicates that the image brightness decreases over
time, the processing unit determines that the operation status
of'the optical mouse apparatus changes from being placed on
the surface to being lifted up from the surface, and inhibits an
output of the estimated image displacement.

10. The optical mouse apparatus of claim 1, wherein the
image processing unit generates the image variation by ana-
lyzing a trend of an image exposure value corresponding to
the image brightness of at least a same partial region of each
of at least three consecutive images of the sensed image
output.

11. A method employed in an optical mouse apparatus,
comprising:

emitting an optical signal, wherein the optical signal is

emitted upon a surface, and reflected to form an optical
reflected signal;

generating a sensed image output according to the optical

reflected signal, wherein the sensed image output is
utilized for generating an estimated image displace-
ment; and

determining an operation status of the optical mouse appa-

ratus according to an image variation of at least a partial

region of each of a plurality of consecutive images ofthe

sensed image output, and the step of determining the

operation status comprises:

configuring a first predetermined brightness threshold
and a second predetermined brightness threshold that
is lower than the first predetermined brightness
threshold;

determining that the optical mouse apparatus is being
placed on the surface when detecting that an actual
image brightness of the sensed image sequentially
becomes lower than the second predetermined bright-
ness threshold, between the first and second predeter-
mined brightness thresholds, and higher than the first
predetermined brightness threshold; and
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determining that the optical mouse apparatus is being
lifted in to air when detecting that the actual image
brightness of the sensed image sequentially becomes
higher than the first predetermined brightness thresh-
old, between the first and second predetermined
brightness thresholds, and lower than the second pre-
determined brightness threshold and further detecting
that an image exposure trend of the actual image
brightness increases.

12. The method of claim 11, wherein the step of determin-
ing the operation status of the optical mouse apparatus com-
prises:

determining whether the optical mouse apparatus is lifted

up from the surface or is placed on the surface according
to the image variation.

13. The method of claim 11, further comprising:

determining whether to output the estimated image dis-

placement according to the image variation.

14. The method of claim 11, further comprising:

generating the image variation by analyzing image bright-

ness of at least a same partial region of each of at least
three consecutive images of the sensed image output.

15. The method of claim 14, wherein the step of determin-
ing the operation status of the optical mouse apparatus com-
prises:

when the image variation indicates that the image bright-

ness of the same partial region decreases over time,
determining that the operation status of the optical
mouse apparatus changes from being placed on the sur-
face to being lifted up from the surface, and inhibiting an
output of the estimated image displacement.

16. The method of claim 14, wherein the step of determin-
ing the operation status of the optical mouse apparatus com-
prises:

when the image variation indicates that the image bright-

ness of the same partial region increases over time,
determining that the operation status of the optical
mouse apparatus changes from being lifted up from the
surface to being placed on the surface, and outputting the
estimated image displacement.

17. The method of claim 14, wherein the step of determin-
ing the operation status of the optical mouse apparatus com-
prises:
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determining the image variation through calculating a
moving average of the image brightness of the same
partial range; and

comparing the moving average with a brightness threshold
to determine the operation status of the optical mouse
apparatus, and determines whether to output the esti-
mated image displacement according to the operation
status of the optical mouse apparatus.

18. The method of claim 14, wherein the step of determin-
ing the operation status of the optical mouse apparatus com-
prises:

determining the image variation through calculating a
short-term moving average and a long-term moving
average of the image brightness of the same partial
range; and

comparing the short-term moving average with the long-
term moving average to determine the operation status
of the optical mouse apparatus, and determining
whether to output the estimated image displacement
according to the operation status of the optical mouse
apparatus.

19. The method of claim 14, wherein the step of determin-
ing the operation status of the optical mouse apparatus com-
prises:

generating a first image variation and a second image varia-
tion by respectively analyzing the image brightness of a
first region and a second region of each of at least three
consecutive images of the sensed images; and

if either of the first image variation and the second image
variation indicates that the image brightness decreases
over time, determining that the operation status of the
optical mouse apparatus changes from being placed on
the surface to being lifted up from the surface, and inhib-
iting an output of the estimated image displacement.

20. The method of claim 11, further comprising:

generating the image variation by analyzing a trend of an
image exposure value corresponding to the image
brightness of at least a same partial region of each of at
least three consecutive images of the sensed image out-
put.



